As a result of the increasing resistance to antibiotics [1a] , the discovery of novel antimicrobial agents is very interesting. Essential oils are widely used as constituents in pharmaceutical products, flavoring agents and fragrances in food and cosmetic industries, and aromatherapy [1a, 1b] . They have various biological properties, such as antibacterial, antifungal, antiviral, insecticidal, cytotoxic and antioxidative activities [1b, 1c] . However, only pure/single essential oils have been tested by many researchers for their antimicrobial activity, whilst few experiments on antimicrobial activity of blended essential oil preparations have been carried out. In this study, we hypothesized that a blended essential oil preparation would provide a synergistic effect for antimicrobial activity. The blended essential oil preparation prepared by Taorang et al. was composed of a variety of essential oils (lavender, clary sage, ylang ylang, and jasmine) in different ratios [2] , of which each displayed antimicrobial activity [1c, 3] . Due to the antimicrobial activities of these essential oils, our interest is focused on exploring the antimicrobial activity of the blended essential oil preparation.
Two blended essential oil preparations were prepared in a volume ratio. Preparation 1 was composed of lavender: clary sage: ylang ylang oils (3:4:3), and preparation 2 of petigrain: clary sage: jasmine oils (3:4:3). Both preparations were evaluated for their antimicrobial activity against various pathogenic microorganisms by the agar disc diffusion method. The preparations exhibited antibacterial activity against the Gram-positive bacteria Staphylococcus aureus ATCC6538 and S. epidermidis isolated strain, and the Gram-negative bacterium Escherichia coli ATCC25922, but showed no activity against Pseudomonas aeruginosa ATCC9027. They also displayed antifungal activity against Candida albicans ATCC10231, as shown in Table 1 .
Both preparations were further evaluated for their MICs against E. coli, S. aureus, S. epidermidis, and C. albicans, as shown in Table   Table 1 : Antimicrobial activities of blended essential oil preparations by agar disc diffusion assay.
2. The result showed that preparations 1 and 2 exhibited better antimicrobial activity against Gram-positive than Gram-negative bacteria. Moreover, they exhibited stronger antifungal than antibacterial activity. Interestingly, preparation 1 comprising lavender: clary sage: ylang ylang oils in the ratio 3:4:3, showed stronger antimicrobial activity against the tested microorganisms than preparation 2 containing petigrain: clary sage: jasmine oils in the ratio of 3:4:3.
The antimicrobial activities of pure/single essential oils used in this study were evaluated for their MIC compared with those of blended preparations ( Table 2 ). It was obvious that preparation 1 revealed antimicrobial activity that was stronger than that of the pure/single oils by reducing the amount being used of each essential oil in the preparation.
Surprisingly, preparation 2 displayed stronger antibacterial activity against Gram-positive bacteria, but weaker antifungal activity than that of the pure/single ones, while showing similar antibacterial activity against Gram-negative bacteria. In addition, the fic values [4] of the blended oil preparations were calculated as shown in Table 3 . The fic revealed that preparation 1 expressed a synergistic antimicrobial effect (fic < 1) against ND ND ND >100 ND = not determined, a = not determined due to inhibition zone diameter less than 10 mm. all tested microorganisms, while preparation 2 exhibited variable effects against the microbes. In contrast, preparation 2 displayed synergistic (fic < 1) and additional (fic = 1) antimicrobial effects against S. aureus and E. coli, respectively, while showing antagonistic effect (fic > 1) against C. albicans. Furthermore, our experiments showed that the fungus, C. albicans was more susceptible to these essential oils than bacteria. Moreover, many researchers reported that bacteria, especially Gram-positive bacteria were more susceptible to essential oils than fungi [5] . According to these finding, we were interested in the antifungal activity of the blended oil preparations. Thus, to find the best composition of the oils from preparation 1, we blended two more preparations: lavender: clary sage: ylang ylang oils in the volume ratio of 4:4:2 (preparation 3) and lavender: clary sage: ylang ylang oils in the volume ratio of 2:4:4 (preparation 4). These preparations were evaluated for their antifungal activities against C. albicans ( Table  2) . Preparation 3 exhibited stronger antifungal activity than preparations 1 and 4. Moreover, preparation 3, which contained the highest amount of lavender oil, possessed the best synergistic antifungal effect (fic = 0.4). Hence, it can be concluded that the greater the amount of lavender oil in the preparation, the stronger the antifungal activity. In addition, the blended essential oil preparations containing lavender oil, i.e. preparation 1, 3, and 4, displayed the synergistic antifungal effect compared with that of single/pure essential oils. ND ND ND 0.7 ND = not determined. Results interpreted as synergy (fic < 1), addition (fic = 1), or antagonism (fic > 1). Trombetta et al. reported that the antibacterial phenomenon of essential oils came from perturbation of the lipid fraction of the microorganism plasma membrane, resulting in alterations of membrane permeability and leakage of intracellular materials [6] . The antifungal activity also arose from a similar mechanism of action as the antibacterial activity by alteration of the plasma membrane and cell wall of the fungi [6a-6d] . The greater sensitivity of Gram-positive bacteria over the Gram-negative bacteria might be due to the lipophilic character of the component of the cell membrane of the Gram-positive bacteria, while the components of the cell membrane of Gram-negative bacteria displayed a hydrophilic character [6a] .
Thus, the lipophilic character of essential oils causes the antibacterial effect to Gram-positive bacteria more than the Gram-negative bacteria.
The chemical composition of the single/pure essential oils and blended preparations was determined by gas chromatography mass spectrometry (GC/MS), as shown in Table 4 . Linalool (16.6-29.9%) and linalyl acetate (36.7-42.2%) were the major components found in all the blended preparations showing antimicrobial activity [6a, 7] , which was consistent with our result that linalool was one the antimicrobial active components. Moreover, we also found that linalyl acetate showed weaker antimicrobial activity than linalool. The antimicrobial activity of linalool is derived from inhibition of spore germination and fungal growth, while that of linalyl acetate arose from suppression of spore formation [8] . The major components observed in the single/pure essential oils, lavender oil, clary sage oil, and petigrain oil were linalool (21.1-47.5%), linalyl acetate (34.0-62.9%), and -terpineol (1.6-4.3%). Clary sage oil was also composed of 8-hydroxylinalool (2.9%), sclareol (2.7%), caryophyllene oxide (2.2%), neryl acetate (2.5%), and nerol (1.7%). Lavender oil also contained lavandulyl acetate (4.9%), Ecaryophyllene (2.5%), Z--ocimene (2.0%), borneol (1.9%), 1,8cineole (1.6%), terpinen-4-ol (1.6%), 1-octen-3-yl acetate (1.1%), sylvestrene (0.6%), and Z--ocimene (0.6%). Other ingredients of petigrain oil were -pinene (2.8%), geranyl acetate (2.1%), neryl acetate (1.8%), limonene (1.7%), -pinene (1.1%), terpinyl npropionate (1.0%), Z--ocimene (0.7%), and myrcene (0.5%). Jasmine oil also contained cis-3-hexenyl benzoate (20.6%), methyl anthranilate (13.5%), benzyl acetate (16.7%), linalool (15.4%), benzyl alcohol (9.6%), farnesene (8.6%), and indole (8.0%), whereas the major components of ylang ylang oil were benzyl benzoate (29.6%), oleyl alcohol (20.4%), -gurjunene (19.4%), and -gurjunene (11.5%), although linalool was observed as a minor component (1.0%).
Analyzing the GC/MS data, it is obvious that all the blended oil preparations showed increasing amounts of linalool, linalyl acetate, and -terpineol compared with the single/pure oils, as well as increasingly active components. Of the three preparations, preparation 3 contained the largest amounts of linalool and linalyl acetate, which possibly relates to the fact that the higher antifungal activity exhibited links to the amount of linalool and linalyl acetate in the preparation. From these findings, it is interesting to note that the differential antimicrobial effect of blended oil preparations or single/pure essential oils may be influenced by the amounts of linalool and linalyl acetate and the number of active components in the blended preparations or single/pure essential oils.
In conclusion, blended essential oil preparations containing lavender, clary sage, and ylang ylang oils can be used as an antimicrobial component in various pharmaceutical products and cosmetics.
Experimental
Essential oil: Lavender, clary sage, petigrain, ylang ylang, and jasmine oils were purchased from Thai-China Flavours and Fragrances Industry Co., Ltd, Thailand. Four of the blended essential oil preparations were prepared according to the method of Taorang et al.[2] by pipetting the largest amount of the essential oil into the vial first, followed by adding the smaller amounts of the essential oils into the same vial, then homogenously mixing and keeping at 4C prior to use.
Preparation 1 was composed of lavender: clary sage: ylang ylang oils (3:4:3, v/v); preparation 2, of petigrain: clary sage: jasmine oils (3:4:3, v/v); preparation 3, of lavender: clary sage: ylang ylang oils (4:4:2, v/v); and preparation 4 of lavender: clary sage: ylang ylang oils (2:4:4, v/v) .
Antimicrobial activity of blended oil preparation
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Microorganisms:
The bacterial strains used were the Gram-positive bacteria, Staphylococcus aureus ATCC6538 and S. epidermidis isolated strain, and the Gram-negative bacteria Escherichia coli ATCC25922 and Pseudomonas aeruginosa ATCC9027. The fungus used was Candida albicans ATCC10231. All bacteria were cultured in Tryptic soy broth at 37C for 24 h prior to use, while the fungus was cultured on Sabouraud's dextrose broth at 37C for 24 h prior to use. All of the microorganisms were obtained from Thailand National Institutes of Health.
Agar disc diffusion method:
The antimicrobial assay was performed by the agar disc diffusion method as described by Tadtong et al. [9a] . The antimicrobial activity was evaluated by measuring the diameter of the zone of inhibition against the test microorganisms. Three independent experiments were performed and each experiment was run in triplicate. The blended essential oil preparations (20 L) were applied to a paper disc (6 mm in diameter) and placed on the inoculated agar. Neomycin 5 mg/mL and clotrimazole 15 mg/mL were used as positive controls for bacteria and fungus, respectively.
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Broth microdilution method:
The minimum inhibitory concentration (MIC) values were determined only for the microbial strains that were sensitive to the blended essential oil preparations in the disc diffusion assay by the broth microdilution method as described by Tadtong et al. [9] The blended essential oil preparations were dissolved in 2%v/v DMSO in an appropriate medium for determining their antimicrobial activity. Microbial growth was determined by turbidity being observed under daylight. The lowest concentration exhibiting no turbidity is the MIC. Three independent experiments were performed and each experiment was run in triplicate. All the single/pure essential oils were evaluated for their minimum inhibitory concentration for comparing with that of the blended essential oil preparations.
Calculation of the fic:
The sum of fractional inhibitory concentrations was the ratio of the concentrations of each antimicrobial agent to their own MIC in which there was no interaction amongst them as calculated from the following equation [4] :
Where MIC A , MIC B , and MIC C were the MIC of the antimicrobial agents A, B, and C, respectively; a, b, and c, were the concentrations of the antimicro-bial agents presented in a mixture of A, B, and C. Results were interpreted as synergy (fic < 1), addition (fic = 1), or antagonism (fic > 1).
GC/MS analyses:
Chemical analysis of single/pure essential oils and blended preparations was achieved by gas chromatography/mass spectrometry. GC/MS was carried out on a Trace GC Ultra/DSQ Quadrupole spectrometer/Finnigan gas chromatograph fitted with a fused-silica BPX5 capillary column (30 m, 0.25 mm, 0.25 µm film thickness). The carrier gas was helium at 1.0 mL/min. Injector temperature was 180C. A split ratio of 1:100 was used. Transfer line temperature was 240C. Column temperature was 60C for 1 min, then programmed from 60 -240C at 3C/min. The MS were obtained from using an ionization energy of 70 eV and ion source temperature of 200C. The individual components were identified: (a) by comparing the Kovats gas chromatographic retention indices of the peaks on the HP-5MS column with the Adam EO Mass Spectra library; (b) by comparison of their MS with those stored in the MS database (NISTO5 library) and with those reported in the literature [10] .
